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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for a nitride 
semiconductor like a blue light emitting diode or a blue laser diode 
and an element with the substrate, in which an element structure is 
formed on the nitride semiconductor substrate with a flat face. 
SOLUTION: A first nitride semiconductor with a film thickness of at 
least 20 /i m or above is grown on different kinds of substrate 
having a step-shaped off^angle with an off angle of at least 0.05** 
or above so that step-shaped steps 21 and 22 with a terrace width 
of several hundreds to several thousands p. m are formed on its 
surface. The terrace part 21 is very flat, and when an element 
structure is deposited thereon, a threshold current is made lower 
and a yield and reliability in element can be improved. In a laser 
element manufacturing step, a direction of the steps 21 and 22 are 
made in parallel with a direction of oscillation so that the element 
is not formed on the steps 21 and 22, and at the same time, a yield 
can be improved. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 



17.04.2001 
01.04.2003 



3669848 
22.04.2005 



1/2 



2005/12/13 21:36 



Searching PAJ 



http://wwwl9.ipdl.ncipi.goJp/PAl/resuit/detail/main/wAAA5ha.. 



[Number of appeal against examiner's decision of 2003-06313 
rejection] 

[Date of requesting appeal against examiners 15.04.2003 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



2/2 



2005/12/13 21:36 



imB^mmff (jp) 02) i2t Ifl 1^ & ^ (a) (ummmmm^ 

#^2000-156348 
(P2000-156348A) 

(43) B ¥^K12^ 6^ 60 (2000. 6. 6) 

FI r-m*(#^) 
HOIL 21/205 5 F04 1 

33/00 C 5 F 0 4 5 

HOIS 3/18 6 7 7 5F0 7 3 



(5i)inta' 

HOIL 21/205 
33/00 

HOIS 5/343 



m^m^ ^ffll^ W^SOSCS OL (^lOM) 



(zDtamm 


!|$g=F10 -278308 


ammA 


000226057 














(22)aiMB 


¥^10^ 9 30 B (1998. 9. 30) 




lSii!RNmr&±tfliirra491#ftl00 
















^ !|#^¥10-261694 




lS^mHmt&±4'BIM491#»10O 




(32)ffi5feB 


^^10^ 9 16 B (1998. 9. 15) 








(33)ffi5fe«±5iB 


B* (JP) 


mmm 












@&!i:P5imt^±+i«rra49i#aioo 


BM-fl: 


















mi 





(54) ^m<Dm] mm^mmm.xf'tnmwcmmi^m^m'T- 



(57) [gjij] 

[HfiS] 'ptji<,ti^f7mo. 0 5" 

7-t^©t 7 7 > P.n:^cSffiS« 1 ±cc . 'PU 

< i 2 0 M mii(±cDii;iTii 1 <Dm.m^4-mwi'i$.^ 



21 22 




(2) 

1 

m^(D±t^. 'pu < t ^mw2 0 u mUh<Dn 1 omt 

m-^mb ] mtzmmmii)^ ( 0 0 0 1 ) m^^mtt 
ff^R^ 1 7^S4 ©rt©ti-rn;&> 1 ^^iBigcD^^bia*^ 

[0 00 1 ] 

H) . SLD (X->'^*-;^^^':;^2>h^>f:t-F) . 

LD (U-lf^V:^- K) ^O^Tfe^T. *lim?fe. * 30 

( 1 nXA 1 YG al-X-YN. 0 ^X. 0 ^Y. X+Y^ 1 ) 
[0 00 2] 

1t3§ (SQW: SinqiG-Quantum- Well) h^\^^\t^MM 
^^pW& (MQW : Multi-Quanturrv- Well) CO 1 n G 
a N J: D :^cC h't^^Mtmt tifc ^r'7*;l/-vr D^t^^W L 
Wfe. nGaNSttJiCDI n 

Ati. C(D^^^4'5:fflCiT>'^*;^xm^ST. gS"C(D4 i 0 

n. 3 .Appl . Phys .35(1996) L74. Jpn . 3 .Appl . Phys .35(199 
6)L217^, CCDU-1f^Tti. I nGaN^ffll^/c^fi 



2000-156348 

2 

^^;b;^i|!i2Ms.. /^*>'^xJiR§2msco^frr. 

mS6 1 0mA. P^<iimS£S;S8. 7kA/an2. 41 
OnmO^JI^^-ro tie. :^\timA\tmUX(D^^ 

m^hifni^xfmi^. ^0ibfc. m^\t. Bgxu^ 

ha::-^;^ 1996^12>g2S# Bf^BiilE. Appl .Phys. Let 
t. 69(1596)3034-. Appl .Phys. Lett. 69 (1996) 40 5 6- 

co[)u--tfm-?tJ2 o'Ctc^o^^r. llfii^iJS^gs. 6 

kA/cm2. mmmEb. 5V. l. 5mWH:l;^CCfct^ 

[ooo3]±iBLEDiSi^. u-if«Tfttc. Ba^a 

ZnO. GaAs. S i ^OSffi^fflt^/c^-=f 4>fS 

^•ttr. v-yr'{7(cit^xi^^B^(DB:i^mim^mw 

[0 004 ] mm(o^i^mmmw^}&&^^m 
Witbx. m^\tty7>^)iLfcV-yr^7&U±^ 
mtw4-mi^^fS.^^'^^mw^^^riXi.^^. m^, 

J^i§¥4-29 9 8 7 6. 1^l^¥4-3 2 3 8 8 
0. ^ii¥5-55 6 3 1. Jt$l^¥5- 1 9 0 9 03 

m) cnhoyimM. ^^i^:tyTy^')\^^itfcm^ 
I'rBwm^m&^-^tcvmtLx. m^B^(o^i.^mim 

[0005] 

m>fi < , m¥Bm>^^mm^4mwtm^x^^c t 

\t^m^ fiX\.^htK Ga NSK*5I^&iJCc#aL^cU 
L^m^iiXi.^^. ^(0^X'^yr^7i)^mhm¥B^(0 

^i.^mimmi^^js.^x^tfc^. miticm-oxi.^ 
i>i)K mcmm'=^MW^jm'^^^^^tLx\m^ 

?^f&^rifci><Dx$>'ox. ^(DSi^tt^tc6\t. m 
mmwm^^ ^^mm^mt ^ct^c^^xm 

[0006] 

^}\^f&-^M<omm^%^XW-i^X\ m'M'^y 



(3) 

3 

[0007] 

miimmnv^ti{tmcm'^$ti^i>(ov\trj:< . 20 
m^^htizi.^hW^itV'y 7 (CM. a®, r® 

^^tfo ) . Xf^ol/. S i C (6H. 4H^^ 
tf, ). GaAs. Si. ZnOmt^mi^^hH^o 

[oooslis*. :t77>i^;n./csasffi. nm 
iy^}i^)&^m^m\t. rsmm^L<\mmk<o'^y ^ 

^JlJiL-rii^o 40 
[0 00 9] i^mmm 1 co^^fc^a^^f^Ji^^a 

2 TnT cfc ^ ^j: ^ ffl ^ 7 ;t n - i ^ 75^^;!i>T* J^cC C ^ 

•Amm^b<{mmm(D^y^vi>-trx^. ^(^cm 

B5(»9 ffl-r ^ 7 7-(7>-i2©:g5 ^ lAl^r7 xgp^WI-^ 
:^mit. ^ vy'V--^ XV^Xtct^^(D±X<Dmm(^C:i6 50 



*$ig2 0 0 0- 1 56 34 8 
4 

^yy'V-^xxit. ^^xw-iBx^Wty ^^i^-<D^ 

0tj:mim^mi^mmm^$tixi^^. ccx. 
y'v-^x{m(^fm^tirn^f)\ m&mm^m#m^ 

tLxn^i^tiXi.^^^vy'V'<:^ict. -m^^soo 

ia±ioooum^mx^^. ^^^Mf^cmi^hti^mit 
-¥-xhh^ 

[0010] :^mm^\.^x. m^^m^^bfihmtm 

[0 0 1 1 ] *^?§^*>l>r. 7 7^:^7 T>i'' 

)\^b-tcmm.wmt. aicc^-rj:^^ct5ci7K¥i^ccr7x 
^tyne\m^bxmmbxK^hi)K mMoimm 

^C^L/T. 0. 3' hmMALX\.^UKK C(DX')fxt 

yn^^th::^Tvy'^^^{t. m^^W^^-yXW^ 

[0012] cox'yfi7.Tvy'mc:^yTy'i/)iUc 

(o^^ijmtbx\t. mt^MovpE {M^mm% 
)SLm) . MBE {^i^mmm^) ^<DBM^mm 

[0 0 1 3] *^H^^4oOiT. ±aiCD:t7 7>^';Ut/c 

x%thfxK^ty tyn'Rxj^m\(Dmim^4-MWomm 

m.^mMc7.Tvy'^OW^^ (1^5) ^>^cS^7^n 

M :^)M-i oi^T-iicoiEHT'*^<t. nhtih 

0 5 • \^iiiXhti\tmtW4-^ww&(o^m'^y tu'^ 
-\t. ^<o\ttA.ti)r^ox')tj:fsmmx^b^m 
^^tut^hr. y^Tvy'^m^m^^th^otfih. 
^tL<\t. 0. 3' \^xttthctx. 0. 3- *rs 
x\mi:f^tj:ifihm.htifcf-s.m^^(j>m^. ttit>%y^r 



V vmDtm^^n ^i^om^tw^^t h^^tictt^ 

Bit^c^j:^, ^m{.<\t. m^(omm. f^&i^mccx 
(0 0 0 1 ) cffi(^)ii^^ii. Ktb<\to, r t( 

[ 0 0 1 5 ] J /c. i^mmc^^^-^xm i (Dm\i^^4MW 

i^g. :i:f$S^)R:ti9 0 0"C-i 1 oo'c. n^L< 
\t \ 0 5 o-CT'sasfeJbtc^:S^n^. ^/c MJiti 

Mtc -eoD r ^ >^ ifi ^> t5 1^-® c jff^ ^ $ ti ^ Mrsitc ^> , 

^^xii:%bx%^^mmhi^\t. m\(Dmm^^w 
[0016] ^mm-%mmtbx. cowm^m 

m^om^oymm^tbxmmm^^ 

0 0 Mmt(_br^>^<b. ^©^ffiOJ^^n-Sr^xipi 

6mm'=^mw(o^i^^mtbx(Dmm\t. ^^i^mM^ 

[ 0 0 1 7 ] C COJ; ^ CC. ^7 ftRCX^ 1 (0^{b^4^2S 

<*cDii/f. "ttKrcm^xmrnmrno^m i^^) ^mm 

u^^t^mit^'4mmmmmx^. ttccn^m 

^^hctxmtm'fm^hti^. 

[0018) *^B^tc4di^r^ 1 omimmmw^t. m 



C4) #11 2 0 0 0 - 1 5 6 3 4 8 

6 

At^AlN, GaN. AlGaN. I n G a N^3&^^-5> 

u n d 0 p e) CDGaN. nM^U^i: -Vbtc 
GaN. S/cS i ^ K-7*0/cGaN^fflli^Ci;:»^'C 
?^cCi?^cC^. 7>V-y'<DG8iNX^^m^Bm^ 

mx^hfc^^^Lxmm('C^&:$-^^c t^^v^ . 
nm^m^ h'-y'GsiNx^htmit^^mws^^m 
A.xn^^t^ji'x^mm^^Mt^m^i^c. ^(om^^fC 

hi.^xmmttj::^i)^hX$):Bo nM^H^tLXiit. S 
10 icoffeW:, mt^Ge. Se^3&^^5o 

[0019] :^mMl^^l^xm 1 ^D^{tJa*2ii*Jig® 

CC. t5t3f^MSS©S2 3^C?3or?f^^$n^/ci?). S 

ii, 0i©g{b«^i*ii^®^j^^3n'2>S2 2SL 
< tj^asst«cDis2 3^»^:^i^r\ m 1 tc^oi^rffi 

[0 0 2 0 ] ±j^L/Ccfce>^c. U^ommifCB^t^h^ 

(o^'^tx^^cDfm^mmhctt^x^h. ccx\ 

mmthm^^. fmii^^^smmmxm^mi^n'^ 
ti><Dx^^^ comxm^^'^i^. ^mm^^i^^xm 
1 (omim^mmcm'fm^ttj: h^mmm bx i> . 

[002 1] ^(Dfci^. :^mi^cj:y)nhU6mim^ 
mi^mi'i)^\y-v'm^x$>6m^i^{t. ^mi5\^ti^m 

X. ^rxu--^M^f)m^ri:h. r^cb^. n^ti^ 

^^btc^'x^m 1 <omim^mmmm<oim^K m 

(03tc:feCiTlKffi(c^JSSi:^^j::^f^) ^r-Sc 

40 h6mi^i^tb^xm\tptn^f)\ msomimxm^j: 

^^ij\^timsii\^mm¥'i7x^ hm^t^'yvu 

^^^t^j:^(^cmmti^m^mxm^b. mmm 
m^M^(^m:Kbm'f'mm^hi^^ <isrrt^. bt^ 

Wint^^-nmH^\tmi-xhhct^L^^^ im^ 
50 ^^^xfim^tifcmi-xh^xi:>. ^<o\ttA.Emm 



[0022] ttc. tyjyifji'Ucmm^^oiic, 

il/Tli. m«A 1 N, GaN> AlGaN> InG 

a mi 9 0 0 -ctiTtDsg-c. mm^+t>ifx h a 

[0 02 3 ] Sfc. TiftliUr±ai//fc>'N'7 7 7Ji(C 

fc, mmi&mi^tsTi&sim^ctv, »i©^ 

^b!|^5i|^ft€:^+-ISB<i m®®if tCSSSS tt.Bfc* 
m«3:^XSjie®:^#t,^HVPE^'j:i-©J:^iK:fiSg 

[ 0 0 2 4 ) C CT. 3Mt)?fiSSi». mmm^R. 7 

mit'ir^m (S i Ox) , mt'rH^i (S i xNy) , K 
<b5^3?> (T i ox) . mitV>)l'Zi^'^A (Z rOx) H 

©i^{b^> gfb!^. */ccn6©^)Sja©fife. 120 0 

SI^©Jf5fS(C(J, t^RiilS, X/^•i;^^> CVD^©^ 
7* h VVy77^-Si!|5*ffll»^Ci*5t^S. ffiS 

)ii©jf5t^tt!t#ccpp^ ^ i>(ox\ttj: < , e^^ij: K •> h , X h 
7-^7-, s^sti:©ffjt^-cjfj^-c^s. ssiii-^sp© 



(5) !|#PI2 000- 1 56 34 8 

8 

TK<i« 0 . 1 y m jy±«c -r * . X H 7 7"t^©^aia 

©igiCrW. t«l<!:Ur5~2 0 Mmf4)-5>. CWtEH 

0. l~3ym-C*S. 
[0025] 

6. S4tt*SB«©(!E&:)?ffiK:J:t3if6nfcS{bti¥» 

[0 026] 2W>5^*> *7T>i';l'ft0 = O. 3 
' . X7^':;71SM (iS§) $^1J^^-1> 7-7:^ifiW^4 
Ot>y;^ hO-A©Xf-;'7"?:Wt> Cffi?r±Si 

I/, t';7 5®?:AiiLr, S^©:^l^i)*5c©3^';7 
7S«:JtL/rgil)i:^[6){csi:t-c$.^>-9-7 7 -YTSS* 

i>. 5t-r, ^2fc7S-rJ:'5K:c©1f7 7'f7S®2 0 1 
?:JSlSSSl^lC-fe h TMmtbXbOOVlCXt 
20 7r>y;^®«®^CGaNJ:^)^cS''^••;'77®?:2 0 0 

:*->yxha-A©)ijfffi£ss#fc. -Xic. m^m 

*'e>KOffil/fcSffi*. HVPE^gCC-fe-;; hL-C. 1 

0 5 0 'CiCimL. ^ 1 ©S{b!^^»<*2 0 3 i br S 

1 % 1 X 1 0l8/aii3H-7'L/fcM/f 1 0 0 ym©GaN 

nWcS i K-7'GaN (mi©g^b 
!^ij£zS<*) ©^S«, X7"7 7"t^©gASJfJgS$ti-Cte 
0> SM*|S]li^as©-e*a«:eswc* ■:,/<:. c 
©B#, •!^7 7'fT»S©ty7^ffi (AM) 
■&:^cS i K-7"GaN*SB^B©Mti(Ct3;tJ*flEt-CfcO. 
30 Sg::&i*)«c©:i-';7 5ffiK:iiasiiK:?fjfiS$n-ct,^-5 

/cist). G a N3SB^©Mffi{Cliagit!tc7j(S]«:jfJfiS $ 

y-^*tr*50. r5Xl^i«^©Bi^i•*5i^lm^^& 
fi;i^i©f*o/c. f#e.hyfc't7i-^N©1t7 7-f7« 

>'^'•;'7 7)i?rffe, m\<Dmit<^^mwm 

5 0 3©«®^Stti$-B-, )l§*fj8 0ym©^{b!^*^ 
<*15 0 3©i!f«:L/c. 

[0027 1 mi<Dmimmm503 (S i 

F-7'GaN) ^±®<!:^•£.■^;i->^;S:MOVPE^g 
40 ©JSfSSIIrt^c: -b h L . C ©^ 1 ©^{bife^P^ftlg 5 

0 3(o^mm^mm^bxmtii$intcmt\tmi(D 

^©:tV7 7® (A®) «:SiI^j::^[Sj. GaN©MffitC 

[002 8 ] {nmifvv HI 5 0 5 ) ;XtC, S i 1 
X 1 0l9/an3K-7'O;^cnMA 1 O-ZGaO-SNJcO^t 
^II1©1. 2 0t>ifXVa--At. T>K-7'(un 
50 dope) ©GaNci:f3Aj:i,||2©®. 2 0:t>i^XhD- 



(6) 

9 

[0 02 9 ] (nffltt:^'-f FJi5 0 6) m^r. Si^ 

1 X 1 Oi7/cm3K-7"L/cnSGaNJ:0^ci:^n§£7lc 
^VK/i44^0. \ {xm(DmMVf&^$^^. 

[0 0 3 0 ] (rSttlSO 7) Si^lxiOl? 
/cm3F-::?*(D I n0.2Ga0.8NJ;0?!;c^#pl. 2 5 
^>^;^ hP-Ai. S i ^ 1 X 1 0i7/an3K-7'(D 

I no.oiGao.99NJ:D^j:^©liJi. 5 0^>yxhn 
-A^3^StcSlLrAd:^l^Illll 7 5:t>^?'X hP- lo 
A£7)^mMT-#F<t^ (MQW) OrSffii 5 0 7 

[0 03 1 ] ( pfM+ y^mSOS) ;X^C. F^* 

3;>^-:>r£ttfi5 0 7J;^3^>A#t\ Mg^ixi 020/cm 
sY-y'LtcpMA I 0.3Ga0.7NJ:0''j:^p||J+t 7 
5 0 8 ^ 3 0 0 ^ > y X h P - A (OM/f T'^Sg^ -tf 

[0 03 2 ] (pffii]?fe:^V FI15 09) ^^tC. ^-OF^* 

V 7 X ^^ p {piJ4 5 0 8 cfc 0 /J^ $ I \ 20 

Mg^l X 1 Ol8/cm3F-7'L/cp^GaNJ:0 3^j:^ 
pm:^7V Fuse 9^0. 1 ymCDI9iir^:^^■ti 
^o 

[0 03 3 ] (pffl^?^';r Fli5 1 0) ^^6C. Mg^l 
X 1 020/cm3F-7'U/cpMA 1 0.2G a 0.8N J; 0 ^J: 
^mi(Dm. 2 0:t>^?^X FP-A(h. Mg^lXlO 
20/cm3F-7*b^cpMGaNJ;»33^cf^^2CDJi. 2 0 
:t>^X hP-Ai^SSCC^jfUr^C^I^Siif 0. 4 
)um©S^ST^J:0i^J:^pffitJ^^7 F^5 1 0^mfS.t 

30 

[0 03 4] (pf)=i>^i7 hl5 1 1) ^t^^. Mg 
^2 X 1 0 20/cm3F-7'L/cp§2GaNJ;0^cjC^pfiiJ 
n>^>? F^5 1 1 ^ 1 5 0:^>^^X hP-ACC^PJlT 

[0 03 5 ] S]£J^7?^. SiSS^rtccfci^r. -^x-- 
7 0 0'C-C7--y>i>'^m\ P 

g^J:0^±JiCDpan>^^ h/iS 1 1 vM^v 

N i/Au J:f9;a:^pliffi5 1 4^mf&t6o ^A^. M 
4R^Tci:5CCpm^5 1 4^l^< pM^v V F15 1 
0/ 3>^^ hJi5 1 KO^m^CS i 02^^rj:h^ 
II5 12^JFML. CCDiteii05 1 2^/rLTp^^5 
1 4^mm6^^cg;glO/cp^^*7 FmS5 1 3^?fM-r 

[ 0 0 3 6 ] p ffiil^M^^tg. ^{t^BJ^^f*! 5 0 3 (D 50 



2000-156348 
10 

*9:Cc^nm^5 1 5^0. 5 MiiKDJiifTffJfiKb. ^C7) 
±«:t - h^'>^iC7)y:S?^^'-fe:-5>3>ffl^A u/S 

[0 0 3 7 ] ^CDft. nmaiJ5 1 5A:>6X^-7-Y^ 
m 1 CDM^b1^^2i{*15 0 3(D ( 1 1 - 0 0 ) Mffl 

^bip-is^c^ i 02<bT i 02X^t^^mmw^mm^ 

t-h5/>^^^gL. p>'^'"7 FmS5 1 3<5:7'r•V- 
#>r-y>i^Lr. ^^T'U-1fm^iS^/c£C5. 
ga^^SOT. glffl^zSSSl. 2kA/cm2. iffil^ 
E4. 5V-C. iagiSS4 0 5nmC7)iIi^^tg7!>5{|i^.^ 

[0 0 3 8 ] immZ ] i:bf5<D/ci6. m 1 (O^^bi^^ 

^it 5 c <!: w^^PH 1 i i^litc u "-tfW^f^i? 

[0 03 9 ] im^ms] tyry^me = o. r 

m 1 vwhufcj: ^ tj:^ 1 (omitw=^mwmmo):^f v 
y'mfmmhtifci)K -'mt^^mM^b<\mm 
m(oma^^t^mm'^y:taiy''V^^. cti^^m 

mi mmmmbfcu-'^'m'fkt. ^m\(.cib^x 

^('CAmm^b<{mmmo:>m^(^mf&^tifci>(D{t 
^<Dmmmmv$>^. m^rmi'oiMm^hi&Tb 

[0 04 0 ] [imm 1 ] M^. it^mt bxm^m2 
om 1 <Dmim^mt^m<Dmm^ bumt bxmit^^ 
mi^m^nmbfcm^. -^(D^®^7:}-pv-t3:. m 
mmiT)^2(Dmfj:::^Tyy'tK(oi^mf)mm^ti'r. ^ 

/Co 

[0 04 1 ] [m^m4] -^yy '{7mm±(Drmmt 
bx. ^^yyym^mxxmvijs.^^'^fcmim^mi^ 

^^vyym^my:.:^Yv>(y'^<DyitV'7:^^^m 
^L. CVD^gtCJ:»9X h^^7'i(sl 0 Mm. ^.gP8 
uui<DS i OlX^fih^mm^O, 1 /imCDIijfr?^ 
\&th. C(7)B$. X F^>f7':&[^ 1^1^:7 T -{r A ®tC>[^ 

mmmmb. i oso'ctcr. i^.?4:^'xk:TMG. 



(7) 

01 

ft. mm' I mm^c. % i (omm^^-m^mho 3 ^ 
^^m^-c. 'rv7s%^^m^oo \L\^\^xhtv-^%=i-^ 10 

[0 042] \.%m\h] '^r?Ty^)\^nQ^O, 5 

[0 04 3] (niJn>^7t^hl60 3) m)iB1^77^' 
TStSe 0 1 ^ra£^g^[^iC-fe':; hL. 5 0 0*C^r:t 
:7r>^>ffi^®^GaNJ:t9^'J:^>'^'7:7Tli^2 0 0 20 
^>i?'X h P-A<D®JlT'^:B$-lt/cf^. 1 0 5 

0'Z\LhX%\Qm{\M^M^thXZ i ^1 X 1 019 
/cm3 a N<{: 0 ^C-S) nfHiJn >3? hi 6 0 

116 0 3^JA 1 ^B^Bl:bx(il;5>5 0. 5iUTi^>A I XG al-X 
N (O^X^O. 5) r^S^-ti^CiTtJ^S^LC^ 

n/cSi F-7*GaNii(D^MtJ. f^Xim^i^l^r 
$^7 0 0 M m«±i XifeWI 1 7!;M 3 iCj;t-^TiiJ&>?:c7&5 e> 
3*t^5&^*^CDlSlDa3L^+^^cCXf •;^7"ttC>gM^WL 30 
TfcO. ^/cr5'XaJlJ*Mjl7!i^3CD^n<!:mia 

[0 04 4] ;^tC8 0 0'CCCLr. Si>&5xi0l8/ 
an3K-7*L/c I n0.lGa0.9N JrO^cC^^^ ^7P;5± 
li604^500:t>^>'Xh D - A(7)JPJ?r'^:g$-t^' 
CcO^'-^-^^E^iJie 0 4tJ I n^^OnMC>g{t 
W$ L<til nGaNT;?£:g$#5C(i:tCj: 

xhn-At(±. 0. BumOTcDM/f-C^S^it-SC 40 
<hWSO0^ 1 0 0:^>yj^ hn-AJ:»3 ^^^t^iii 
m^^^VL^^vmiLthX\mh^<.<. 0. 5/x 

C(D^^':r^P;5±16 0 4ti^SSt"'5C<t^>-rt 

So 

[0 04 5] (niJ^7-^ Kli6 0 5 ) 1050 
mur. S i ^5:5 X 1 Oia/cm3F-7'L/cnMA 1 
O.2GaO.8Ncfc0^jr^lll (0®. 2 0 t>i:/;^ h D-A 

T> (undope) (7)G a N J: iCf -^112 0)1. 

2 0:r>^X hP-Ai^lr^StCl OO/iSlbT^j:^ 50 
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JMiiO. 4 Mm(DJi1S^^^3§<tTS. nfPJj:^^ -^^ Fl 

f^ffl A 1 ^^tP^fb^^^f*. J?^ L < tiA I G a 

(DM/I^l 0 0:t>^;^FP-AJe<±. 2Mm«T. ? 
eccSf^ L<(3:5 0 0^>i^X FP-Ata_b. iMmlU 

-355/jN5t,i:^(7)l^;F$$i^^^^?Ig6cF-7'TS. ^IH! 
F+> y 7*x^.;l.4*'-*5;^#C^a{bi^*2»f*l(!:^0 F 

[0 04 6] (nffl«:^V F16 06) ^l^r. Si^ 
5x 1 0i8/cni3F-7*l./cn^GaNJ;0:^j:-SnlM7t 
;?7VF16 06^0. 1 um(OmmV}S,l^^^h. CO 
nm^:^'^ F16 0 6 \t. ^\im<D%iy^ Fit Ur{^ 
fflb. GaN. I nGaN^^g^-ii-2>C<h7:?iSi L 

<. mm ooty^:^hu-M.-^b urn. ^^(^Ht 

b<\t2 0 0:t>i5''XFD-A-l mnCDRJirfiSS^ 

i-rsT:*^ #tc7> F--7*tc-rsci^>-ct'5)o s^st 
[0 04 7] (ffittii6 0 7) 8 0 0-cr. r> 

F-7'c7) 1 n0.2Ga0.8N JzOJ^jr-S^Pli. 25:^|->^' 
XhP-Ai. r> F-7'I n0.aiGa0.99NJ:Oi^Jt'5 
PiUl. 5 0:t>^XFP-A;?:5£i:^caiLr:^^-5J£ 
Mil 1 7 5:t>i^X FP-ACD^mST-#F^ii (MQ 
W) <DSttl6 0 7^^S$ifS„ 
[0 048] (pilij+i'->^7l6 0 8) :X^C, 1050 
•Cr>'0 F^Ti- -^'^"xj^^l-^-^^^^pffllTt^tr^ F16 0 9 
J:^9^>;^#<. A>orSi4Ji6 0 7 JcD feA*l\ Mg^ 
1 X 1 0 20/cm3F-7'L/cpMA I 0.3G a 0.7N J: 0 
tJ:^pm^^^yy'mS0 8^3 0 0:^>!/y^hu-A(D 

^h'-y'bx^^^V7f)mmtifciM. ^b<{t7y 
v-y'tbxi>^<. WLmtb<{tpm^^^^v'- 
y'btcmtt^. yy'MQo sommicto. i 

/imOT. $6CC$?^U< 1^5 0 0 t>y;^ hP-At< 
T. :^^W$L<(3:3 0 Ot>^^x hP-AJ^TCcilg 
•rSo 0. 1 /imJ;DJ¥li3iifT'^:l$1fSt. pi2^ 
1">7'16 0 8tti^c^5-^^77:?5A»]-^t< J^cCO. iSo^tt 

<Di^i.^mit^^mwmf)^&E:b(^c<i.^i)^hv^6. ai 
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[0 04 9 ] (pttt:^^ Kli6 09) ;^^C. ^OK+' 
^ V 7 X ;^ p {piJ4 1- 6 0 8 J: 0 /J^ $ I 

Mg^ 1 X 1 020/cm3K-7'b/cpS^GaNJ:0i^^'S» 

7fe;^7V K/i5<b[5]D< GaN. InGaNr^S^lf^ 

X Aim. ^h^m^b<\t2oo^y^'7. 

-'1o^cpm^¥&m^\'-y^bxi>J:i^b. $/cT>K- 
y'xi^B^iK 

[0 05 0 ] ivMi^yy I'meiO) :^K(fC^ Ug^ I 
X 1 0 20/cm3F-7't/cp§yA 1 0.2G a 0.8N J: 0 i^cC 

^micoM. 2 ot>r^';^ hn-Ai. Mg^ixio 

■}3/cm3]r-y'btcpmGaNJ^K\ti:^m2(Om. 2 0 

^>^'x hP-Ai^3a(c|i/iLr>d:^^Mif 0. 4 
/umCDStS^JiJzOJ'cC^pflfJ^?-^-.' V'Md 1 0^^S5 

mbiMt>mtbximb. m^^^mmtt^ct^^i) 
vmmmoimm^&r^^t^fci^tDmtbximt 
C(OpmPz^y KJi6 1 o<ommi^^^^mbrj:K> 

t\ 1 0 0:t>^';^ ha-AJK±, 2MmJMT. 5e>^ 
^FS L<(i5 0 0^>i^';^ hn-AJ^±, l j^mOTr- 
[0 05 1 ] ffl^^JitJ. ^i>tj:< ti>vmm(^^^ct 

[0 05 2 ] m'fmikoi^wm^mt 6ii^m^m ^ 

mbX. rS^l<^:0^^OF+> 

C^M/f 0 . 1 u mOTc^A i ^Stf^^tJB?4^#f*J: 0 ^j: 
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lei: 0 4>t£ffii^^e«n/d4gCC. pm:^V FIJ: 0 

t^M^ST-iirs^j^jT'^pfflfj^^^':/ h-m^mi^ctm^-^ 

CcHtblK L^^^>p^BIJ+-^'':^7*l^D>'0 K4^> 7 

'f-f)^c(o^i'yy'mxm±sri^fcit>. mT-Jt^^gttii^ 

[0 05 3 ] (pfflj3>37i7 M6 1 1) fifgtc. Mg 
10 ^2 X 1 020/cm3K-7X;^cpSGaNJ;D:^cC'E>pfiiJ 

n>^ri7hji6 1 1^1 5 0:t>^^^xh^-A(Dli;i-c 
^S$#^« p»Jri>^^hJit3:5 0 0:^->i7'xhn- 
i^WT. 5 6Cciff$L<^J4 0 0^>:y;^ hn-AW 
T. 2 0:^->^^xha-AW±^cM/f^ilIM-r-5i. p 

[0054] 5J^*^7^^. sio^^rt tc:icji>r . »^ - 
>'^^^#H^tti, 7 0 o*crr--';>^^'^tTi\ p 

20 5je^:^^6HX0aiL. il2^c^-rj:^^, R I E^g 
CcJ:0^±JicDpfP!jn>^>7 hue 1 1 pflrj^^-5'> 
Fie 1 0 (b^X'>^>^OT. 4|/mC7>X F^>r7'i|ig 

File 0 3) mm<D^i^m(fcm7trj:hJ:'>mf&^ 

[005 5 ] y^^i^ffj^f^. m2(^fr^t^'?(^. 

X F ^ >f 7*^cti.i:.i [^x. ^(D V V v>7.v'7^ y'oMM 

^cm\^bicpm^'yvYm^\0^:r.v^y^bX. n 
30 mffie 1 5^ffM-r-^^niJn>:^>7 Mi6 0 3C7)^S 

[ 0 0 5 6 ] ^j^cc; V iy^mo±m^ ni/kn^ntz 

^pm®6 lA^m^SLth. ^2tCif^-rJ:^^Cp 
1 4^^< pfflij^^^ FJi6 1 0. piIJjn>^^^7 
MB 1 ic7>^ffi«:s i O2J:0i^cC^|fei^Jii6 1 

f&b. comB^B 1 3^/M^Tpmg6 1 4<tm^e^ 

^g^SlL/cp^*':. Fmg6 1 Z^m^t^. 
^tB$-ti/cn{iiJn>^^ 0 SCD^MCctiWiA 1 
J:^^c5nmS6 1 5^JfJ^-r'5. 
40 [0 05 7 ] 'i'x"y^CD1^7TH^TSt5Cr> 
gS^iFSbrSO Mm|igcD/l$CCt/cm. 1^7 

7<DMmvo:^-'j^^^mbx. "tommm^^Mmt 

bfa^-^i'^mt^. -yj. :^ h ^ y'i^OWMtmi 
^j:&^x^^-^ y >( yv^ V y'^^Mbx b-ifm 

c(0iy—fmf^^&xi^-'f^m^^tfctc6. mm 
bi)^b, mmm3<oj:')ictym^o. ^mo 
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[0 05 8] [mm\d]vyr'^7mm<Dty7>p' 

mi^mwno^tK^ctt^x. {pb-s<rj:-oxi6K}. m 
i^m^mt^^c^^xi^fc. 
[0 0 5 9 ] [ mtm 7] me ^t^§^m(0fs.&-j5mc j: 
0 m htifcmtmmm ^mm ^ -r ^- l e d m'fo 
mm^frs-rm^^mmxh^. iut. ms^yzi^mmm 

l(^r>\.^Ximt^. 

[0 06 0 ] v-yy '<7mucD:ty7>^)\^m^d = 
0. ?• x^^ct^m^xmmutmm^cbx. m 
im^mi$mi^m^i 03 (s i K-:7'Ga n) ^im 
L/co c(D^i$mm(Dmm\t. mmmM^tixi^^^i)^ 
mm4 ^tt-^T-r^ >^^(o^iBmmf)Hcmitbxh 
ttcm^ms(^tt^xi>ma^miL^. Tvxmi> 
m<U-:>xi^fc. c:co»^x->'^^MOVPEggcDS^£ 
siirt^-fe y h mmm^^^f^.ibxmmbfcmt 

umwm (:^T':^y'iK(0^^^thm) 10 
5 0*CrS i^l X 1 Ol8/cm3K-:7'L/ycGaNcfcO 
3^J:^m2^7)^^'-^7T]i7 0 2^^:g$ii'5o C(0m2(D 
/^' 7 T fi 7 0 2 {mn9 0 0 ''Ci^±c7)]S^r^:g5 -y: 

^mmmmwm^Bmx^ n . ^os^ t cdis^^s 
^^imth-tc^oi^^xma ^^^h^^vy rmt\m 

[0 06 1 ] ^6^C. mZO^'^yyrMl 0 2cr)±«:Ji 
if 2 0^>^^X hn-A. ^-MT-#Fm^<7>I no.4 
Ga0.6NJ:0^j:^rgttJi7 0 7. M/iO- SumcOM 
g K-7*A l0.2Ga0.8NJ:«9?'j:'5p9J^7^--; Fli7 1 
0. M/iO. 5 /xm(DMg F-:7"GaNctO>^cC^pffJ=j 

[0 06 2 ] ^^■^^i:^c^^m2(D^^'•>7T;i7 0 2- 
pflJ:3>^^ Mi7 1 mfif^. '^x-M;SrSl£^S3J»^ 

egxffio. g^#fflm*-c6 0 0'CT:^-';>^XT. 

pilJ^?^7 K17 1 0: p{PJj3>3?i7 hJi7 I l^iSS 
^>^^tft.\ ^lCDa{fcJ^*2i^*Ji7 0 3CD^ffi^^ 

[0 06 3 ] x.>5^>i^g, p«3>^r^ h^7 1 1© 
^®(^)t5t3f^®tCN i/Au<tD?:c^^3fe14tOpllS7 
14^2 0 0:t>:J7'xha-A(OJi/I-C?fJgc,L.. ^Op 
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^S7 1 4CD±tC. 7j<>r ^ >^fflC7)>'N*:^ FmS7 1 2 
^0. 5fiin(DIiiir?^fi£-r^o 

[0 06 4 ] p mcommmk. -fy^^ rmm^^m 
^bxmiti bfcm 1 (Dmm^mwm 703 ©^b^® 

[0 06 5 ] ^ot^. nmmmfp^::^^y'<yb. mi 
(omim^mmsoum ( 1 0 1 - o) ^(dmw 
^mmtmxm^b. 300 umnoLED 9 ^y^m 

C(Z)LEDtJ2 OraA^C^oliT. 52 0 nmC7)»fe 
10 ^^fnb. ty7>^')im^0. 0 5--0. 3" (om 
m^b<\t^tiiaTX^tty7:^^)i^miXi.^rj:[,^V 

0. m^mtifc^m^TT^bfc. 

[0066] 

msmiffCfj^^:^^tfcmit^^mi^m(Dmm'^y d v 
-^cit^^ iKmmxm^xmBtj:f'y:^n^^mt^m{t 
'^^mw&m^mi^^hctx\ m^m^mcmti. mm 

[03] :^mMi^cm6mim^mwmmcmf}^mm 

30 [1^4 ] *^igcD-^ife^^^-5g{tia*«^U-1f^ 

[06 ] ^mmoy-mmmf^w.^mit^^mwL e urn 

2 1 • • • • fy:^ 

22 • • • -fM 

23 • • • 'Mmmmcmi^hfc^^ (m 

AO 201, 401. 601. 701— SSSS 
7 0 2- • • '^ZO^-^yyrm 
203. 503. 603 ( nflij3>:$7 ^ Mi) .70 3 

• • • 'miomim^mw (mtm^mwmm) 

60 4 • — • ^^vm±M 
5 0 5. 6 0 5 • - • • nfJi?^-;; K/l 
5 0 6. 6 0 6 • - ' • nmytiJ-i KJl 
507. 607. 707 - • • • ffittH 
5 0 8 . 6 0 8 * • • • ^ I' 
5 0 9. 6 0 9 • - • - pffliJ7^:^V KH 
50 510. 610. 710--- - p&^v y Kl 
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511,611.711 — — p(lijn>^^ H 
5 12, 6 12. 7 12- • - • p/s-;; K^S 

5 13, 6 1 3 • • • ^mmm 
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^514. 614, 714 - • • - p^^g 
515, 615, 715- — • nm^ 
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